Lytic infection with herpes simplex virus type 2 (HSV-2) induces synthesis of a cell-coded protein of molecular mass 90 kDa, termed U90. U90, whose expression is specific in tumour cells is, in addition, excreted from the cell. To determine if the function of U90 could be advantageous for the virus the protein was purified from the medium of HSV-2 infected cells, shown to be similar to the internalized form and its effects on cell growth studied. Addition of U90 to quiescent fibroblast cells stimulated the expression of Fos, the product of the cellular transcription factor c-los and increased the incorporation of [3H]thymidine into DNA, factors which may facilitate HSV-2 replication. However, U90 might also induce abnormal cells such as those in precancerous lesions to proliferate.
Lyric infection with herpes simplex virus (HSV) results in the repression of most host cell protein synthesis (reviewed by Fenwick, 1984) . However, some cell proteins are actually increased in abundance after HSV infection: among these are heat shock proteins (Notarianni & Preston, 1982; La Thangue et al., 1984) , the transcriptionally activated human ubiquitin B gene (Kemp & Latchman, 1988 ) and a set of host-coded polypeptides expressed in tumour cells and which are immunologically recognized by sera termed TBS, from animals bearing tumours to HSV-2 transformed cells and also, interestingly, by antisera raised to HSV-infected cells (Macnab et al., 1985) . As HSV is a virus which can give rise to either acute or latent infections and can also transform host cells, the interactions between the virus and the cell require further study in order to understand the outcome of infection. Virus-host interactions are particularly important when devising HSV vaccines or virus vectors as these could also induce cell genes of pathological importance. That a set of host proteins is co-ordinately activated by HSV infection (Macnab et al., 1985) suggests similarities in their mode of induction and additionally, as they are highly conserved through species (Macnab et al., 1985; Grassie et al., 1993) , an important role in cell function. One protein, termed U90, was found mainly in the membrane and was increased 2.5-5.0-fold by HSV-2 infection (Hewitt et al., 1991) . After HSV-2 * Author for correspondence. Fax + 44 141 337 2236.
infection, however, U90 accumulated in the cytoplasm from where it was purified (Grassie et al., 1993) . To visualize how U90 accumulates in infected cells, immunofluorescence was carried out using a monospecific antibody raised to purified U90 (Grassie et al., 1993) and visualized with a second antibody conjugated to fluorescein isothiocyanate (FITC). U90 accumulated in a discrete cytoplasmic perinuclear location within the cell which also stained, in double label experiments, with antibody to concanavalin A conjugated to rhodamine. This localization of U90 suggested that the protein might accumulate in the Golgi, be excreted from the cell and therefore have an extracellular biological function.
The present communication describes the purification and function of an excreted form of U90 which was first identified by metabolic labelling when polypeptides extracted from the medium of turnout cells labelled with L-[~S]methionine were immunoprecipitated with TBS ( Fig. 1 a) . The identity of U90 in the medium was further confirmed by Western blotting. Medium from tumour cells before and after infection with HSV-2 HG52 was concentrated in dialysis tubing by polyethylene glycol treatment and equal volumes were electrophoresed, Western blotted and probed with a monospecific antibody raised to U90, purified from tumour cells (Grassie et al., 1993) . Gaussian integration analysis of densitometer scans gave the following results.
Medium F u r t h e r e x p e r i m e n t s c o n f i r m e d that at least twice the a m o u n t of U 9 0 was present in the m e d i u m of cells infected with H S V -2 c o m p a r e d with u n i n f e c t e d cells. U 9 0 was purified u s i n g the protocols derived by Grassie et al. (1993) . M e d i u m f r o m H S V -2 infected t u m o u r (Bn5T) cells was clarified to r e m o v e a n y cells (1000 r.p.m., 10 rain) a n d m a d e to 30 % with a m m o n i u m sulphate. T h e centrifuged pellet, s h o w n by i m m u n oprecipitation with T B S to c o n t a i n U 9 0 ( d a t a n o t shown), was r e s u s p e n d e d a n d sonicated in PBS + 1 % T r i t o n X-100, desalted to 50 mM-Tris p H 8 + 0 -1 % T r i t o n X-100 (Buffer A) over a P D 1 0 c o l u m n (Bio-Rad), applied to a MonoQ FPLC column (Pharmacia), and eluted in Buffer A + 1 M-NaC1, whence U90 was shown to be present in the flow-through ( Fig. I b , tracks 1-6). Final purification of U90 was by separation of the polypeptides in the flowthrough by 7"5% SDS-PAGE. After Coomassie Blue staining of the gel a clearly separated U90 protein was visualized ( Fig. 1 b, tracks 1~5 ). This protein was excised from the gel, electro-eluted into Tris buffer and its purity checked by re-running on SDS gels of different concentrations (data not shown) using Coomassie Blue staining, which detects approximately 200 ng protein. Finally, the purity of U90 was confirmed in an isoelectric focusing gradient of pH 3-9 using the Pharmacia PhastSystem according to File no. 100. The gel showed only one polypeptide, i.e. U90, when stained by the sensitive silver staining method detailed in Pharmacia File 210, which detects 1-5 ng protein (Fig. 1 c) . This system has been frequently used to estimate protein purity (Brewer et al., 1986; McOsker et al., 1989) . The isoelectric point of the excreted U90, 6"55, was similar to that previously determined for U90 by two-dimensional gel analysis of L-[aSS]methionine labelled proteins after immunoprecipitation with TBS (J. C. M. Macnab & A. Orr, unpublished results) .
Cleavage of the intracellular and excreted U90 proteins with cyanogen bromide (70 %, v/v, formic acid/water) was carried out and the sizes of the fragments generated compared by SDS-PAGE [16"5% high cross-linked Tris-Tricine gel (Sch~igger &von Jagow, 1987)]. The extracellular and cytoplasmic proteins gave approximately nine comigrating fragments between 8 kDa and 70 kDa indicating considerable relatedness (Fig. 1 d) . This result was a confirmation of the immunological relatedness demonstrated by immunoprecipitation (Fig.  1 a) and Western blotting. The concentration of U90 was then assessed by comparing it to standard amounts of different known proteins by Coomassie Blue staining of gels and also by spectrophotometry.
The excreted U90 protein was tested for function by examining its ability to stimulate non-dividing cells. Rat-1 cells, seeded subconfluently (37 °C), were grown overnight in Dulbecco's minimal essential medium (DMEM) supplemented with 5 % newborn calf serum and then induced to quiesce for 72 h in DMEM with 0"25 % serum. Immediate-early cell cycle gene products were thereafter induced by the addition of serum or growth factors. Epidermal growth factor (EGF) induction was achieved by adding 5-10 ng EGF per 2.5 x 10 ~ to 1 x 10 ~ cells seeded in 2 ml of medium in 50mm diameter dishes and serum stimulation by addition of 5-10% newborn calf serum (NCS). The ability of U90 to stimulate immediate-early gene products was investigated by adding 5-10 ng U90 protein to quiescent cells exactly as was done for EGF. Induction of Fos protein was then examined by immunofluorescence and immunoprecipitation using antibody to Fos (Oncogene Science), on cell extracts 30-60 min after treatment. The results of immunofluorescence (Fig. 2a) showed that U90 indeed induced the Fos protein but less efficiently than serum. No induction was seen in control cultures to which neither serum nor growth factors were added.
To verify the specificity of Fos induction by U90 several controls were incorporated. Firstly, it should be mentioned that the activity reported for U90 was revealed during a study to investigate the set of polypeptides which were shown to be immunogenic in tumour bearing animals and were also increased in expression by HSV-2 infection. In this context, other polypeptides belonging to the set were investigated for their biological function, particularly the 40 kDa polypeptide, now known to be the mitochondrial aspartate aminotransaminase (mAAT) (Lucasson et al., 1994) . It is possible to copurify both mAAT and U90 by PAGE on the same gel system. Thus, mAAT was treated as U90 and tested for its ability to activate immediate-early cell cycle proteins and DNA synthesis. No activity similar to U90 was detected. Furthermore, mAAT was cloned in bacterial and eukaryotic expression vectors (Lucasson et al., 1994 ; T. C. Collins & J. C. M. Macnab, unpublished) but failed to stimulate cell division. As a further control, plugs of acrylamide from similar regions of the gel to that from which U90 was isolated and purified were eluted by the system used for U90. No ability to stimulate Fos was attributed to these controls. Further cell controls tested included treatment with eluate from the gel slice after the Coomassie Blue stained U90 had been removed, treatment with Tris elution buffer containing no added protein and treatment with buffer after removal of U90 by binding it to U90 specific antibody linked to Protein A-Sepharose. None of the controls significantly induced the Fos protein; examples can be seen in Fig. 2 (a) and Table 1 .
Detection of Fos protein after treatment with U90 was seen by immunoprecipitation of quiescent rat-I cell extracts radiolabelled with L-[35S]methionine between 30 and 60 rain post-treatment with 5 or 10 ng U90, 5 or 10 ng EGF, 5% serum or control treatments. Cell lysates, extracted in RIPA buffer, were analysed by SDS-PAGE after specific immunoprecipitation of Fos protein. U90 (10 ng) induced the Fos protein (Fig. 2b) and this was further verified by Western blotting using specific antibody (data not shown). (Fig. 2b, T a b l e 1) .
T h e effect o f U 9 0 o n D N A s y n t h e s i s w a s t e s t e d b y a p p l y i n g e i t h e r s e r u m , U 9 0 , E G F o r c o n t r o l t r e a t m e n t to q u i e s c e n t rat-1 cells e x a c t l y as f o r F o s i n d u c t i o n .
Q u i e s c e n t cells were t r e a t e d w i t h s e r u m , U 9 0 or E G F * Gels analysed were as in Fig. 2(b) . t" Control consisting of the buffer used to further elute the gel slice containing U90 after U90 had been eluted as determined by Coomassie Blue staining.
:~ Control where approximately half the amount (2.5 ng) of the U90 protein was used.
and 5 laCi [methyl-3H] thymidine (Sp. act. 25 Ci/mmol) (Amersham) was added to 30 mm dishes containing 4 x 105 cells in 1.5 ml of medium and incubated at 37 °C overnight. Cells were washed three times to remove unincorporated label, solubilized in 10% NaOH and incorporation of label counted and compared (Table 2) . Cultures for autoradiography were fixed in 3 % paraformaldehyde, exposed to Kodak/Ilford emulsion for 7 days and processed. The results show that U90 stimulates the incorporation of [3H]thymidine into DNA, as indicated by the darkly staining cell nuclei (Fig. 2 c) . Five incorporation experiments all showed that U90 stimulated DNA synthesis when compared with controls. This was further confirmed by counting radiolabelled nuclei after autoradiography (Table 3) , where both very dense and less densely staining nuclei were observed (Fig. 2c) . Controls similar to those used previously for Fos induction were negative, as seen in Table 2 where the control consists of buffer after removal of U90.
The experiments described in this paper show that U90 can stimulate cell functions leading to DNA synthesis and cell division. Since U90 is highly conserved in cells (Grassie et al., 1993) it may well have another physiological function. As HSV replicates more efficiently in 3.1 P = 0-011, significant at 5% 3.6 P = 0.013, significant at 5 % 9.8 P = 0.0089, significant at 1% * The values above for the stimulation of DNA synthesis by U90 are significant at 5 % as calculated from the null hypothesis. The P values were calculated by a t-test using a Mini-tab program. actively dividing than in quiescent cells, it might be proposed that it is advantageous for the virus to induce cell-coded proteins with a function in initiating cell division. We have previously demonstrated that HSV-2 induces enzymes involved in glutamine synthesis, probably because glutamine is essential for HSV-2 growth (Lucasson et al., 1994) . The properties described for U90 in this communication are similar to Fos and DNA stimulation described for treatments with EGF, fibroblast growth factor (FGF) (Mfiller et al., 1984) and platelet derived growth factor (PDGF) (Kruijer et al., 1984) . The induction of Fos protein is one of the earliest events associated with mitogenesis (Kruijer et al., 1984) . Induction of c-fos RNA after HSV-2 infection has previously been described (Goswami, 1987 ) and the Fos protein is induced following reactivation of HSV after eye scarification in the rabbit (Valyi-Nagy et al., 1991) . Another herpesvirus, human cytomegalovirus (HCMV), induces c-fos RNA in the absence of virus DNA synthesis (Boldogh et al., 1990 (Boldogh et al., , 1991 . The induction in a cell of proteins leading to mitogenesis could contribute to more efficient virus replication but might also be important for the growth stimulation of abnormal cells. These points deserve further study.
